Oral cancer is one of the most common malignancies worldwide, with a two-or three-fold prevalence among men than among women. Except for lifestyle-related risk factors including smoking, drinking, and betel chewing, family history is a major determinant of risk in the absence of exposure to carcinogens. Genes predicting the susceptibility to oral cancer are associated with cell proliferation, cell invasion, angiogenesis, and DNA repair. Few studies have investigated sexdependent X-linked gene expression in oral cancer. Hence, this study aimed to analyze salivary Xlinked lncRNA-XIST, XIST anti-transcript TSIX, and X-linked tumor suppressor gene LDOC1 expression levels, their role in oral squamous cell carcinoma (OSCC) and correlations among clinicopathological data. Expression levels of these three genes were analyzed via quantitative polymerase chain reaction (qPCR) in the saliva of 59 OSCC patients and 43 healthy controls. Correlations among gene expression levels and clinicopathological characteristics were analyzed. Women lacking salivary XIST were 26-fold more susceptible (P < 0.0001) to OSCC than healthy women. TSIX and LDOC1 expression levels were positively correlated in all subjects, except for men with OSCC. LDOC1 was significantly downregulated in men with OSCC (P = 0.016) and significantly correlated with well-differentiated tumors (P = 0.001).
Introduction
Oral cancer is one of the most common malignancies worldwide, with a two-or three-fold prevalence among men than among women [1] . The primarily known lifestyle-related risk factors include smoking, drinking, and betel chewing, which are reportedly more common among men than among women [2] . Cancer susceptibility usually results from a combination of both lifestyle-related and genetic factors. The inherited genotypes help predict cancer susceptibility, e.g., breast cancer, ovarian cancer [3] , and colon cancer [4] . Studies have reported that a family history of oral cancer is a strong determinant risk factor in the absence of exposure to carcinogens [5, 6] . However, few epidemiological studies have investigated the genetic determinants of oral cancer. Most genotypes predicting oral cancer incidence involve genes for cell proliferation, invasion, and DNA repair [7] [8] [9] [10] ; however, limited information is available regarding sex-dependent genotypes in oral cancer.
Early diagnosis and treatment of oral cancer would benefit its prognosis. Nowadays, dentists perform an early diagnosis primarily on the basis of visual examination and palpation of the oral mucosa [11] . Furthermore, adjunctive methods to diagnose dysplasia, such as brush biopsy and tissue immunohistochemistry, have been used [12] . From the viewpoint of public health, the pre-diagnostic and special protection for the high-risk population by screening of a specific genotype is also important.
Compared to blood sampling, a non-invasive method would involve collection of saliva to detect risk-associated biomarkers for diseases would be more acceptable for various age groups [13, 14] . Saliva contains abundant stable lncRNAs [15] , which serve as potential diagnostic biomarkers for cancer [16] [17] [18] [19] [20] . Recently, lncRNA-XIST has been reported to contribute to carcinogenesis [21, 22] . XIST is primarily expressed in somatic cells containing more than one X chromosome, which is responsible for X chromosome inactivation, and dosage compensation between men and women [23] . In other words, XIST is usually expressed in women rather than in men. X chromosome contains several known tumor suppressor genes. Aberrant X chromosome inactivation would silence Xlinked tumor suppressor genes, thereby contributing to tumorigenesis [24, 25] . X-linked tumor suppressor gene LDOC1 is reportedly downregulated in smoking-related oral cancer [26] .
In this study, we aimed to analyze salivary lncRNA-XIST, XIST anti-transcript TSIX, and LDOC1 expression levels and clinicopathological data to determine the role of these genes in OSCC and correlations among them. The present results show that XIST inhibition in saliva renders high susceptibility to oral cancer in women, and salivary LDOC1 downregulation in men contributes to OSCC and related to the well-differentiation tumor in the oral cavity.
Results

Women lacking salivary XIST expression were highly susceptible to oral cancer
We collected saliva from 59 OSCC patients (33 men, 26 women; mean age, 55.6 years) and from 43 healthy controls with no history of smoking, drinking, and betel chewing. Clinicopathologic characteristics are listed in Table I . Tumor differentiation among OSCC was well-to-moderate in 91.5% of patients; no metastasis, 96.6%; no recurrence, 100%; XIST was not expressed in the saliva in 96% of patients. Subjects were stratified by sex and disease. XIST expression in women was significantly correlated with the susceptibility to OSCC (P < 0.0001), which was 26-fold higher than that in healthy women (OR = 26.83) (Table II) .
TSIX was significantly upregulated in women with OSCC
We analyzed TSIX expression in all subjects. TSIX was significantly upregulated in women with OSCC ( Fig. 1A) , being significantly greater in women than among men with OSCC (P = 0.0345; Fig.  1B ) upon sex-based data analysis. This TSIX upregulation was significantly correlated with smoking (P = 0.046), and betel chewing (P = 0.014). However, XIST and TSIX expression levels were not significantly correlated in women with OSCC (P = 0.54) (Table III) .
LDOC1 was significantly upregulated in women and downregulated in men with OSCC
LDOC1 expression was analyzed on the basis of sex and disease. LDOC1 was significantly upregulated in women with OSCC (P = 0.0297) (Fig.1E) ; this upregulation was significantly correlated TSIX expression (P = 0.0002). LDOC1 was significantly downregulated in men with OSCC (P = 0.016); this downregulation was significantly correlated with well-differentiated tumors (P = 0.001) (Fig. 1F and Table IV ). Among men with OSCC (n=33), LDOC1 expression levels were low in 26 (78.8 %) men, and more than 60% of them had a history of smoking (80.8%), drinking (61.5%), betel chewing (73.1%), well-differentiated tumors (65.4%), clinical stage III-IV (65.4%), and no metastasis (96.2%) (Table IV) .
LDOC1 and TSIX expression were positively correlated in women and healthy men rather than in men with OSCC
The correlation between LDOC1 and TSIX expression was analyzed via the linear regression analysis (Table III) . LDOC1 and TSIX expression were positively correlated in women with OSCC (R 2 = 0.6581, P < 0.0001) ( Fig. 2A) , healthy women (R 2 = 0.6968, P < 0.0001) (Fig. 2C) , and healthy men (R 2 = 0.6408, P = 0.002) (Fig. 2D ). LDOC1 and TSIX expression were not correlated in men with OSCC (Fig. 2B) .
Discussion
Salivary lncRNA-XIST is not expressed in men and in most women with OSCC. Data regarding differential expression of XIST are prone to be lost in OSCC studies; hence, we were unable to review previous reports on the role of lncRNA-XIST in OSCC.
Numerous studies have provided evidence regarding aberrant expression of tumorigenic genes in OSCC and cancer diagnostic and prognostic biomarkers. Single nucleotide polymorphisms in the coding and noncoding RNA genes have been analyzed most commonly [27] [28] [29] . This study is the first, to our knowledge, to investigate the role of X-linked genes in saliva in OSCC. The present results indicate that women lacking salivary XIST expression are 26-fold more susceptible to OSCC than healthy women. Moreover, among healthy women herein, XIST was expressed in the saliva of most women, but absence in few of the others. This finding indicates the importance of the amplicon region may determine the susceptibility to OSCC.
The present results suggest that specific regions in salivary XIST sequence may decrease the morbidity rate in OSCC patients. Brown, C, J. et al [23] reported that XIST is expressed in cells containing more than one X chromosome. A limitation of this study is that XIST was not expressed in all the male subjects; however, it is unclear whether this could be a reason underlying the higher OSCC morbidity rate among men than among women. Future studies involving animal and cell lines containing allosome aneuploidy (XXX, XXY) and specific regional modifications (deletions, point mutations, etc.) are required to provide sufficient evidence regarding the role of XIST in OSCC [30] .
TSIX and LDOC1 expression were positively correlated among all subjects, except for men with OSCC. Several studies on cancer reported that LDOC1 is silenced via promoter hypermethylation [26, 31, 32] and is associated with a history of smoking [33] . The present results indicate that 79% of men with OSCC with a history of smoking presented a 2-fold lower in LDOC1 expression in comparison with healthy men. However, lower LDOC1 expression was significantly associated with exclusively the state of well-differentiation, not with smoking in all subjects with OSCC (Table IV) . Therefore, the present study shows that salivary LDOC1 downregulation reflects a high opportunity of having the well-differentiated tumor in the oral cavity.
Materials and Methods
Clinical samples
The study was approved by the IRB of MacKay Memorial Hospital (IRB No.17MMHIS053). The salivary samples of 59 OSCC patients and 43 normal subjects were obtained from the Tamsui MacKay Memorial Hospital. All samples were immediately collect with DNase-and RNase-free tubes and centrifuge at 4°C 3000 rpm 10 min to remove the cellular fraction, The supernatant were stored at -80°C until further analysis.
Salivary RNA extraction
Salivary RNA of all samples were extracted by using the PureLink RNA kit (ThermoFisher Waltham U.S. ). The extraction procedure was performed according to the vendor's protocol, and finally, we got a 200 μl RNA-containing solution. We condensed volume of the 200 μl RNAcontaining solution to 10 μl by ethanol precipitation method. The RNA samples were dissolving in nuclease-free water and stored at -80°C until further analysis.
RT-PCR
We used the random primer to perform the RNA reverse transcription. We referred to the protocol of our previous study [34] . The Q-PCR primers of four genes (XIST, TSIX, LDOC1, and GAPDH) were designed on the website of Roche Universal ProbeLibrary. The Q-PCR was performed in Roche LC-480 (Roche Basel. Schweiz), denaturing at 95°C 10 min, annealing at 60°C 30 sec, extending 72°C 1sec, and total run for 60 cycles. The fold change of gene expression was compared between the OSCC group and normal group. The threshold of the statistical table was two-fold higher or lower than the average fold of normal group.
Statistical analysis
The statistical analyses were performed with Prism (GraphPad Software Ca. USA) and SPSS (IBM Corporation Quezon Philippines). Data were expressed as the mean ± SD. The group difference was analyzed using Mann Whitney test and Fisher's exact test. The correlation between TSIX and LDOC1 expression were analyzed using the linear regression. When P < 0.05 considered statistically significant.
